Purpose The aim of the study was to evaluate the effect of phosphorus-32 colloid ([ 32 P]) intracavitary irradiation on the treatment of patients with cystic craniopharyngiomas. Methods Twenty patients with predominantly cystic craniopharyngiomas were admitted from 1981 to 2006. Eleven patients had [
Introduction
Craniopharyngiomas account for 5.6-15% of the intracranial tumors in children with peak incidence rates at the age of 5-14 years [1] . Despite the benign appearance, their clinical behavior is aggressive, causing serious morbidity by damaging the optic chiasm, the pituitary, and hypothalamic area [2] . Since Leksell and Liden had firstly reported a minimally invasive management strategy of intracavitary irradiation with radioisotopes (brachytherapy) in 1952 [3] , several radiotherapeutic modalities have been advocated for treating craniopharyngiomas [4] [5] [6] [7] [8] , and phosphorus-32 colloid ([ 32 P]) has been considered as the optimal choice for treating cystic craniopharyngioma among the therapeutic radioactive isotopes in treating cystic brain tumor. However, previous studies demonstrated that the radiation dose (about 90-300 Gy) of [ 32 P] was not adequate for effective treatment [5, 6] , and the follow-up period of [ 32 P] therapy did not exceed 12-23 years although it is not short [5, 8, 9] . Therefore, we suggested that increasing the radiation dose with multiple administration of [ 32 P] would be a more effective alternative to the past treatment. In 1981, a 3-year-old girl with cystic craniopharyngioma was admitted to our hospital, and the patient underwent four times of [ 
Materials and methods
From 1981 to 2006, 20 children (12 boys and eight girls) were admitted to Xijing Hospital for primary treatment of craniopharyngioma. The diagnosis was all confirmed by computed tomography (CT) or magnetic resonance imaging (MRI) as having predominantly cystic craniopharyngiomas. Twelve boys aged between 1.7 and 9.0 (median 6.5)years, and eight girls aged between 3.1 and 7.5 (median 4.5)years at the time of diagnosis. The median volume of cysts of 20 cases was 28.7 ml (range 14.1 to 44.6 ml). Among them, nine cases were treated by neurosurgical subtotal resection plus [ 32 [10] . According to the Table 1 of Taasan et al. [11] , the corresponding volume (milliliters) of cyst was calculated by diameter (centimeters) measured with CT or MRI, and then the 32 P activity of every case in this study was obtained. The activity of [ 32 P] to be injected is in the range of 400-500 Gy per once.
Procedure of therapy
Firstly, the cyst fluid of patients was aspirated through the aspirate needle positioned in the tap of Ommaya reservoir, then the craniopharyngioma cyst was washed, and finally, [ 32 P] (5.0~7.3 mCi/5-6 ml/each time) were given via the Ommaya reservoir system (Fig. 1) . The patients were informed to turn over the head again and again to assume that [ 32 P] inside the tumor cyst distributed uniformly. The characteristics of the craniopharyngioma patients and radiation times are detailed in Tables 1 and 2 , respectively.
In order to determine whether there is any possible leakage of the [ 32 P] to the outside of the target cyst, bremsstrahlung scanning of the target cyst was done by single photon emission computed tomography (SPECT) equipment in intervals up to the third day of postinstillation.
Clinical follow-up visit lasted for 36-336 months (median 47.7 months). The shrinkage of the cyst and relaxation of symptoms/signs were both taken into consideration for evaluating the effectiveness of the treatment. The efficacy was regarded as being "significantly effective" if the cyst size was considerably shrunk referred to the WHO standard [12] and symptoms/signs were alleviated obviously.
The treatment protocol and procedure described above have been approved by the ethical committee of Fourth Military Medical University.
Results
There was no mortality or morbidity in 20 patients with [ 32 P] intracavitary irradiation. The symptoms and signs of most patients were alleviated obviously within 3-6 months after therapy. Their treatment results are summarized in Tables 3 and 4 .
During a median follow-up of 47.7 months, out of 20 cases, 18 (90%) of the cysts decreased more than 50% in size, and the mean of maximum diameter of cyst decreased from 3.8 cm before treatment to 1.2 cm (13 cases) or 1.8 cm (five cases), respectively. For example, case 2 and case 3 were indicated considerable shrinkage after 6 months of last (Fig. 4) .
Discussion
Cystic craniopharyngiomas are frequently considered inoperable due to extensive local attachment of cyst wall to adjacent vital structures, and it was easy for the surgeon to lose contact with the extremely thin sinus cyst wall, which later resulted in tumor recurrence. So today, there are strong advocated of good local control for both radical surgical resection and limited surgery followed by postoperative radiotherapy [13, 14] . When a patient presents with a purely cystic craniopharyngioma, the management options include the stereotactic placement of a catheter to allow repeated aspiration and furthermore intracystic irradiation with radionuclide ( 32 P or 90 Y, etc.) [5, 7, 15, 16] . In 1952, Leksell and Liden reported the effects of intracavitary irradiation for craniopharyngioma primarily [3] . Up to now, more than thousand craniopharyngioma patients were treated by radiosurgery and radionuclide intracavitary irradiation methods. Although there have been no controlled comparative studies, the latter approach offers the maximum chance of local control with minimal morbidity and has become the preferred treatment method in many countries [1] . Intracavitary irradiation is a minimally invasive management strategy of instillation of radionuclide (such as [ 32 P]) into cystic craniopharyngioma, which could deliver higher dose of radiation directly into the inner surface of the cyst than to tumor's adjacent tissue offered by conventional external beam radiotherapy. The beneficial effect is achieved through destruction of the secretory epithelial lining, causing elimination of fluid production and cyst shrinkage. In view of the reduced surgical morbidity and mortality, the brachytherapy became an attractive management option for predominantly cystic (and particularly monocystic) tumors [1] .
The severity of symptoms and signs in children patients is directly related to the tumor's size, position, and affected area, but no age-related differences were found. The main symptoms and signs result from the increased intracranial pressure, abnormal neural and/or mental behavior, visual disturbance, and disturbance of endocrine function due to hypopituitarism. The 20 cases reported in this paper complained all but not very severe symptoms and signs (Table 1) ; this may be mainly due to the patients' young age (1.7-9.0 years old) and hence smaller tumor size. In previous reports [5, 6, 16, 17] , the dose delivered to target cyst was within the range of 90-300 Gy. In order to enhance the therapeutic efficiency, the radiation dose in our studies was increased to 400-500 Gy. In addition, we arranged two to four times (5.0~7.3 mCi/5-6 ml/each time) instillation of [ 32 P] to cyst of 14 cases (Table 2) , so the total radioactivity of [ 32 P] injected was within the range of 10-20 mCi in this group. In the present cases, there was no development of adverse reactions or any damages. Because [ 32 P] is a pure beta-emitting radionuclide with an ideal mean energy of 0.69 MeV, the maximum range of these beta particles in soft tissue is 7.9 mm, and less than 50% of the given dose penetrates beyond 0.8 mm [5] . Even with these ideal physical characteristics of the [ 32 P] source, critical and radiosensitive structures, such as optic chiasm and cavernous sinus, etc., should be monitored intensively during the treatment planning stage in order to prevent accidental overdosage.
Prognosis and quality of life Our results presented that the predominant therapeutic efficiency may be due to the addition of radiation doses and multiple instillation of [ 32 P] . Since there has been no method for "complete cure of craniopharyngiomas", current treatment methods can only shrink the size of the tumor and alleviate the symptoms. The survival prognosis of patients treated by [ 32 P] brachytherapy for craniopharyngioma is favorable, and the overall survival rate is up to 95% at 5 years [18] and 10-year survival rate is approximately 80% in children [17] . Our report demonstrated a 5-year survival rate of approximately 100% in children with craniopharyngioma.
However, with the progress of neurosurgery and nuclear medicine treatment methods, it is expected that the recurrence rate should be reduced and survival period extended. Smaller solid craniopharyngiomas are usually treated by g or X knife therapy, whereas for large solid craniopharyngiomas, the 125 I particle knife therapy is often used. The latter method is a brachytherapy that makes use of the released radiation from inserted 125 I particles. Considering that any surgery has high risk factor [19] and approximately 60% of craniopharyngiomas occur in the form of a single large cyst [20] , intracyst injection of [ 32 P] for treating cystic craniopharyngiomas has been widely accepted today [21, 22] . Although surgeons also rely on the [ 32 P] therapy to treat cystic brain tumor, there has been no any systematic study with large samples comparing [ 32 P] therapy alone with combined treatment by surgery first and followed by [ 32 P]. Based on our experience, we would recommend the following good practices: Firstly, resect the craniopharyngiomas and then perform intracystic injection of [ 32 P] via Ommaya reservoir. The latter treatment is an internal radiation method; therefore, the radioactivity of [ 32 P] should be carefully selected in order to achieve a safe yet effective treatment and also reduce the occurrence of radiation accidents. This method is less invasive, effective, safe, economical, and easy to perform and thus can be conducted at the outpatient department by a qualified nuclear medicine doctor.
We recommend that intracavitary irradiation therapy using [ 32 P] should be the primary method of treating monocystic craniopharyngioma. In the future, to popularize earlier application of stereotactic techniques may further reduce the unacceptable morbidity and mortality associated with radical surgical resection of craniopharyngioma.
